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Description 


This invention relates to methods and means for 
writing data onto a recording medium containing ser- 
vo samples, and more particularly to a method and 
means for increasing the number of servo samples on 
a recording disk in a disk file or a tape in a tape drive. 

All disk files require some means of determining 
the radial position of the read-write heads over the 
disks so that the heads can be accurately positioned 
over any desired track. Typically this is done by put- 
ting servo information on one or more of the disk sur- 
faces for reading by magnetic or optical read heads. 
Some disk files have servo information only on a 
dedicated surface of one disk in a disk stack. How- 
ever, more recently the trend is to store this servo in- 
formation interspersed with the data stored on each 
disk surface. This latter approach is preferred be- 
cause it can be implemented at low cost without extra 
components beyond those required for storing data 
and because it provides the servo information at the 
data surface being accessed, thereby eliminating all 
thermal sources of track misregistration (TMR). 

In a disk file in a fixed block architecture (FBA) 
format, each circumferential track on the disk is div- 
ided into a number of sectors. Each sector consists of 
a factory written portion and a user written portion. 
The factory written portion is the servo region which 
contains the servo information and timing information 
required to mark the start of the sector. The user writ- 
ten portion consists of a data region containing the 
actual data to be stored and possibly an identification 
(ID) region which identifies the sector and marks bad 
sectors. A large amount of space, in which no user 
data can be stored, is associated with each sector. 

Fast servo systems require frequent position 
measurements; i.e., ahigh servo sample rate. In sec- 
tored servo arrangements, this is achieved by divid- 
ing each track on the disk into a large number of small 
sectors. As a result, a large fraction of the potential in- 
formation capacity of the disk file undesirably is used 
for the space associated with each sector. For exam- 
ple, if the servo sample rate is doubled, it will double 
all of the non-data space. 

The most pertinent prior art of which applicants 
are aware is an article in the Spring 1988 issue of 
Computer Technology Review at pp. 45-48. This arti- 
cle describes a method for reducing this non-data 
space to a very limited degree. To accommodate va- 
riable length data records extending over a number of 
data sectors, an equivalent to the ID region is put in 
only the first data sector of the record. This saves 
some space if the data records are long, but none, of 
course, if the record is less than a sector in length. 
Each sector may be independently written after leav- 
ing the factory; thus, complete resynchronisation is 
required at each data sector. All other servo fields in- 
cluding full automatic gain control (AGC), write-to- 
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read and read-to-write recovery and synchronisation 
fields, are therefore still required. 

There is a need for an improved method and 
means, transparent to the user, for increasing the ser- 
vo sample rate in either a disk file or a tape drive using 
the FBA format. 

According to the present invention there is provid- 
ed a method of recording data transitions through a 
recording head along tracks on a recording medium, 
each track incorporating data record portions, in 
which the data transitions are recorded, interspersed 
by servo portions in which servo information is pre- 
recorded, and using the servo information to control 
the position of the recording head and to synchronise 
the data transitions characterised in that at least one 
shortened servo portion is provided in each data re- 
cord portion, the shortened servo portion having pre- 
recorded servo information which is used to control 
the position of the recording head in the data record 
portion and the data transitions being recorded phase 
continuously throughout each data record portion so 
that the phase of the data transitions at the start of a 
shortened servo portion is the same as the phase at 
the end of a shortened servo portion. 

Further according to the present invention there 
is provided apparatus for reproducing data transitions 
which have been recorded by the method of the pre- 
ceding paragraph wherein the apparatus comprises a 
recording and reproducing head, a data controller, a 
decoding device, timing and control means to count 
through each data portion to the beginning of each 
shortened servo portion of a track, a data detector, 
clocking means synchronised by the data transitions 
read from the recording medium by the data detector 
and arranged to transfer data through the decoding 
device, and switching means to switch off the input to 
and output from the clocking means during the pas- 
sage of a shortened servo portion. 

Fig. 1 is a diagram, not to scale, of a conventional 

servo sector for a disk file according to the prior 

art, 

Fig.2 is a diagram, not to scale, showing an ar- 

rangement of servo sectors according to the in- 

vention, 

Fig. 3 is a composite diagram, also not to scale, 

showing how overhead fields are eliminated or 

reduced in length, and 

Fig. 4 is a block diagram of a micro servo sector 

channel according to the invention. 

There is diagrammatically shown in Fig. 1 the va- 
rious items of overhead associated with each sector 
of a conventional prior art disk file formatted in fixed 
block architecture (FBA). Each conventional sector 9 
consists of a servo region 10, an ID region 11 anda 
data region 12, which can be written at different 
times. These regions consist of various fields, which 
will now be described. 

In servo region 10: 
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(a) Write-read and speed field 15 is written at the 
factory and can be partially rewritten thereafter. 
It allows time for a drive circuit to switch from 
write to read. This allows for both logic delays and 
actual time for a write driver current to decay to 
zero. To account for variations in rotational speed 
of the disk, a time is added equal to the relative 
control speed multiplied by the distance from the 
previous sector from which absolute timing was 
last established. Also, shut-off of write current 
must not begin until a minimum number of clock 
cycles after the time when the last possible data 
bit is written to a data encoder/decoder (ENDEC) 
to assure that the encoded data bits are flushed 
and written to the disk. In some cases, additional 
data bits must be sent to the ENDEC to leave its 
internal shift register in a known state. Finally, 
field 15 allows time for settling out the transients 
induced in a read preamplifier by the write cur- 
rent, as well as settling head magnetic domain 
transients and adjusting an automatic gain con- 
trol (AGC) in the read channel. 

(b) Address mark (AM) field 16 is written at the 
factory and must not be overwritten. It is required 
to identify the beginning of the sector 9. It is an 
asynchronous, absolute timing reference that 
provides the basis for locating the other fields. 
The AM field is frequently implemented as a gap; 
i.e., as along period with no magnetic transitions 
on the disk, followed by a single transition to mark 
the beginning of a sector. 

(c) The position error signal (PES) field 17 is also 
written at the factory and must not be overwrit- 
ten. It contains the information needed to deter- 
mine the track position of the recording head. It 
can be encoded in any of a number of ways that 
are described in the prior art. 

In ID region 11: 

(a) Read-write and speed field 18 is written at the 
factory and can be partially overwritten after the 
disk leaves the factory. Fields 19-27 that follow 
the PES field 17 can be rewritten. Field 18 pro- 
vides the logic and time needed to ensure that 
PES field 17 is not overwritten. Field 18 also pro- 
vides time for the write current to rise to its full 
value. Field 18 is typically much shorter than the 
write-read field 15. Field 18 and all subsequent 
fields are normally written using data that passes 
through a shift register of the ENDEC. 

(b) Voltage controlled oscillator synchronisation 
(VCO sync) field 19 is required to give a variable 
frequency read clock sufficient time to phase 
lock to the following ID field 22. 

(c) ENDEC flush field 20 indicates the number of 
bits the read channel decoder must receive in or- 
der to put it into a known state called ENDEC 
flush. (Field 20 can range in size from a few bits 
to close to 10 bytes, depending upon the code 
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used.) 
(d) Sync byte field 21 indicates the sync byte 
needed to align the read bits on correct byte 
boundaries. 
(e) ID and CRC field 22 includes as the ID portion 
a sector identifier and bad sector flag and as the 
CRC portion a cyclic redundancy check for errors 
in the reading of the ID. 
In data region 12: 
(a) Fields 23-26 correspond to the ID fields 18- 
21, respectively, with these two exceptions: (1) 
field 23 can be completely rewritten; and (2) the 
function of sync byte field 26 is to tell the control- 
ler when the VCO synchronisation and ENDEC 
flush end and the real data (which is contained in 
field 27) begins. 

(b) Data and error correction code (ECC) field 27 

stores the user data together with the error cor- 

rection code. 

(c) Each data region in a conventional sectored 

servo system is completely independent of data 

regions in the other sectors. They can be written 
and read at separate times. 

Turning now to Figure 2, there is shown accord- 
ing to the invention, one or more short "micro" servo 
sectors 30 with minimal overhead are inserted on a 
disk in the data and ECC field 27 for each sector; and 
only at the beginning of each sector are the conven- 
tional servo, ID and data regions 10,11,12 used. The 
micro servo sectors 30 are positioned such that, on 
each track, the PES fields 17 and 44 for all maxi sec- 
tors, respectively, are equally circumferentially 
spaced. 

As illustrated in Fig. 2, a single micro servo sector 
30 is inserted on the disk in the middle of data and 
ECC field 27 of sector N; and a conventional, (here- 
inafter "maxi") sector 9 including its associated over- 
head are disposed only at the beginning of sector N. 
Using a phase continuous clock signal 32, data is writ- 
ten in both portions of the data field 27 to either side 
of each micro servo sector in a single pass of the disk 
so that the phase of the data transitions at the start 
of a microsector is the same as the phase of the end 
of the microsector. However, while each micro servo 
sector 30 passes by the head (at X), the write current 
33 to the head and the data stream 34 and clock input 
to a data encoder/decoder (ENDEC) 52 (see Fig. 4) 
are temporarily interrupted. 

As best shown in Fig. 3, the size of some of the 
fields is reduced and other fields are eliminated, thus 
substantially reducing the overhead (or non-data 
bearing portion) in each micro servo sector 30. 

More specifically, micro servo sector 30 consists 
of a servo region 40 and a data region 41. In servo 
region 40, code constraint portion 42 of write-read 
and speed field 43 is the longest part of said field. It 
consists of bits to prevent the decaying write current 
from writing a transition too close to the last data tran- 
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sition. (By contrast, write-read and speed field 15 of 
maxi sector 9 includes a code constraint portion also; 
but it is so minute compared to the remainder of field 
15 that it is considered negligible.) By very closely 
controlling the phase-locked spindle speed of the disk 
drive motor, the speed variation part of the write-read 
field 43 can be decreased to a single clock period. 

Micro servo sectors 30 preferably are read only 
during seek and read operations, and not during write 
operations. High servo sample rate is required pri- 
marily during the seek operation when the head must 
quickly settle from a rapidly moving condition to ac- 
curately follow a given track. By not reading during 
write operations, it is unnecessary to allow time for 
the read preamplifier and head magnetic domains to 
fully recover from their write transients and there is 
no need to provide time for AGC settling in the read 
channel. The lower bandwidth derived from the con- 
ventional maxi sectors is usually acceptable during 
track following while writing. If a wide bandwidth is re- 
quired during track following while writing, the micro 
servo sectors 30 would be read, requiring a some- 
what longer write-to-read field 43 for recovery. Since 
the ENDEC shift register 52 is not clocked while each 
micro servo sector 30 with its associated overhead 
fields passes the head, no pad or gap is necessary 
to assure that it remains in a known state. 

In micro servo sector 30, the AM field is eliminat- 
ed. Timing for position detection is based on time 
from the address mark field 16 at the beginning of the 
maxi sector 9, and timing for write and read is based 
on clock cycles from the beginning of data field 27. 

PES field 44 is shortened and contains both an 
abbreviated Gray code and position error signal infor- 
mation. Gray code is used, as in the prior art, to allow 
an accurate reading of track number when the servo 
head is positioned on a track or anywhere between 
two adjacent tracks. The encoding method used may 
be as described in the July 1982 issue of the IBM 
Technical Disclosure Bulletin at pp. 776-777. Since 
the full Gray code in the PES field 17 at the beginning 
of maxi sector 9 has determined the complete track 
number position of the head, PES field 44 in the micro 
servo sector 30 need only verify that the head is posi- 
tioned at a specific track within a relatively narrow 
band of tracks adjacent the track determined at the 
maxi servo sector. Since the full track number is thus 
not required in the micro servo sectors 30, an abbre- 
viated Gray code is used for such verification. For ex- 
ample, If abbreviated to two bits, the Gray code could 
identify plus or minus one track within a band of four; 
and if abbreviated to three bits, to within a band of 
eight tracks. This abbreviated Gray code further re- 
duces the overhead in the micro servo sectors 30. 

The read-write and speed field 45 is substantially 
identical with the corresponding field 18 in the maxi 
sector 9. 

Because the data on either side of micro servo 
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sector 30 including its associated overhead fields is 
written phase continuously, the read VCO does not 
require a long synchronisation period at the end of the 
micro servo region. The VCO is set to coast through 
the micro servo region without changing frequency. 
With most VCO’s, this coast can be induced by gating 
off the detected data from the VCO while the micro 
servo sector 30 is passing the head. The gate is re- 
opened at the beginning of a short VCO sync field 46. 
Field 46 is not written with data massed through the 
ENDEC encoder as is usual in conventional sectored 
servo systems. Field 46 and the following code con- 
straint and sync nibble field 47 are generated with 
logic. Since micro servo sector 30 is short, there is 
only a small phase drift in the VCO with reference to 
read data. In a conventional maxi sector, at the start 
of the data region 12, VCO sync field 24 must be used 
to adjust the VCO from an arbitrary phase and to 
make some adjustment for any frequency difference 
between a crystal reference clock and the read data. 
However, in the micro servo sector 30, VCO sync field 
46 can be reduced to from a few bits for a highly stable 
VCO design to about half those required in the servo 
region of a maxi sector for a less stable VCO design. 

The ENDEC flush field is also eliminated. This is 
possible because, at the end of the previous data sub- 
field, clock 32 to the ENDEC is gated off, with the re- 
sult that the ENDEC holds its state. At the first data 
clock after sync nibble field 47, ENDEC clock 32 is 
gated on. Hence, the first encoded data bit is properly 
clocked into the ENDEC, exactly as if micro servo 
sector 30 had not been present and the data field had 
been continuous. 

Because ENDEC initialisation is not required, 
there is no need for a sync byte. If the VCO phase drift 
through each micro servo sector 30 is known to be 
small enough, the VCO clocks can be counted and 
gating turned on to start the next data subfield at the 
correct clock cycle with no sync nibble. The code con- 
straint assures that the last VCO sync transition will 
not be too close to the first data transition. If the VCO 
drift is potentially more than one-half clock cycle, 
however, the exact clock cycle corresponding to the 
start of the data subfield cannot be determined with- 
out a sync nibble. The sync nibble need only be some 
pattern which can be distinguished from the VCO 
sync pattern. For example, for a 2,7 code, this can be 
achieved by using a 100100... sync pattern, with one 
or two extra 0’s following as the sync nibble satisfying 
the coding constraint. The sync nibble detector then 
looks for 000 as the mark indicating the end of the 
VCO sync field 46. This triggers the gating to start the 
reading of the following data subfield by the ENDEC. 

It will thus be seen that, with the disk formatted 
in fixed block architecture, one or more micro servo 
sectors 30 are spaced circumferentially within the 
data and ECC field 27 for each maxi sector 9. Write- 
read and speed field 43 including code constraint 42 
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is shortened; the AM (address mark) field is eliminat- 
ed, the PES field 44 is shortened by use of an abbre- 
viated Gray code; the ENDEC flush field is eliminat- 
ed; and there is no need for a sync byte. Read-write 
and speed field 45 is essentially the same length as 
in the servo of conventional sector 9. 

The overhead information for the micro servo 
sector 30 consists solely of bits containing position in- 
formation and up to 80 bits to either side thereof. A 
typical micro servo sector 30 for use with the conven- 
tional or maxi sector 9 might typically comprise 2 bits 
in the code constraint portion 42 and 10 bits in the re- 
maining portion of write-read and speed field 43; 130 
bits in position error signal field 44; 10 bits in read- 
write and speed field 45; 30 bits in VCO sync field 46; 
and 3 bits in code constraint and sync nibble field 47. 

By contrast, the servo region of a conventional 
sector 9 may, for example, typically comprise 200 bits 
in write-read and speed field 15; 25 bits in AM field 16; 
170 bits in position error signal field 17; 10 bits in 
read-write and speed field 18; 140 bits in VCO sync 
field 19; 8 bits in ENDEC flush field 20; and 8 bits in 
sync byte field 21. 

During a write operation, data is written in field 27 
at one time, and the micro servo sectors 30 are not 
overwritten. Also, use of the abbreviated Gray code 
with micro servo sectors 30 allows them to be used 
for seek as well as during settling. 


Implementation of Invention -- Fig. 4 
(A) To Write Data 


As illustrated, a conventional disk data controller 
circuit 51 generates the serial bits required for the 
servo, ID and data regions 10,11,12, respectively, of 
each maxi sector 9. A clock generator 53 generates 
data clock cycles that are used to transfer uncoded 
data from disk data controller 51 to an encode section 
52a of an encoder/decoder (ENDEC) 52, and to trans- 
fer coded data from the ENDEC to a write driver 54 
for causing a magnetic head 55 to write data on a 
magnetic recording disk (not shown). 

Timing and control logic 56 closes switches 
57,61,62,63 and holds switch 58 in the position in 
which it is shown in Fig. 4 until said logic, by counting 
the generated data clock cycles, determines the pre- 
cise position of the start of the next micro servo sector 
30. 

As each micro servo sector 30 moves part head 
55, switch 58 is operated to transfer code constraint 
bits from field 42 (Fig. 3) from timing and control cir- 
cuit 56 to write driver 54. Concurrently, switch 57 is 
opened to interrupt the data clock cycles from gener- 
ator 53 to ENDEC encode portion 52a and disk con- 
troller 51, thereby freezing the states of both the EN- 
DEC and disk controller. Switch 63 is then opened to 
interrupt the write current to write driver 54 and enable 
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preamp 54 and data detector 59 to read the servo in- 
formation from micro servo sector 30. After PES field 
44 passes head 55, switch 63 is closed to restore 
write current; and VCO resync field 46 (if used) and 
code constraint and sync nibble field 47 are transfer- 
red from timing and control circuit 56 to write driver 
54. Switch 58 is then restored to the position in which 
it is shown, and switch 57 is closed to resume the 
transfer of data from disk data controller 51 and EN- 
DEC 52 via head 55 to the disk. 


(B) To Read Data 


During reading of data, signals from head 55 are 
amplified by preamplifier 54 and converted to digital 
pulses by data detector 59. In data sync and VCO 
module 60, a VCO is phase-locked to the detected 
data pulses and used to synchronise the data to the 
VCO clock. The VCO clock is used to transfer encod- 
ed data from data sync and VCO module 60 to disk 
data controller 51 via the decode section 52b of EN- 
DEC 52. Timing and control logic 56 counts VCO 
clock cycles to determine the precise start position of 
each micro servo sector 30. At the start of each micro 
servo sector 30, timing and control logic 56 opens 
switch 61 to gate off the detected data from sync and 
VCO module 60. This causes the VCO to coast at a 
constant frequency. Also, while each micro servo 
sector 30 passes head 55, switch 62 is opened to stop 
the VCO clock input to decode section 52b of ENDEC 
52 and disk controller 51. This causes the states in 
the decode section 52b and in disk data controller 51 
to be frozen while each micro servo sector passes 
head 55. At the end of the PES field 44 (Fig. 3) and 
beginning of VCO resync field 46, switch 61 is closed 
to direct the VCO resync bits to data sync and VCO 
module 60. This allows the VCO properly to reestab- 
lish phase lock with the data. When the sync nibble 
is detected by timing and control logic 56, switch 62 
is closed to recommence the VCO clock input to EN- 
DEC decode section 52b and to disk data controller 
51, thus resuming the transfer of data to the ENDEC 
and disk data controller. 

The method and means herein disclosed increas- 
es the servo position error signal bandwidth for both 
magnetic and optical direct access storage devices, 
thereby significantly reducing seek times, settling 
time and track misregistration for sectored servo disk 
files. By reducing thermal track misregistration and 
misregistration due to actuator tilt to negligible levels, 
high track per inch (TPI) and low cost disk file designs 
are possible. Finally, because of enhanced perfor- 
mance and reduced cost, an increased TPI potential 
may be preferred to a dedicated servo even in a disk 
file with many disks. 


9 EP 0 439 278 B1 10 


Implementation for a Tape Drive 


When applied to a tape drive, maxi sections and 
micro servo sections are substituted for the maxi sec- 
tors and micro servo sectors, respectively. A plurality 
of parallel recording tracks on the tape are divided 
into at least two maxi sections of equal length. Each 
maxi section contains all overhead fields and a data 
field; and at least one micro servo section containing 
only a portion of the overhead fields is located within 
each data field. As each micro servo section passes 
by a recording head, write current to the head is inter- 
rupted, as is the stream of data and clock input to a 
data encoder/decoder. As each micro servo section 
passes beyond the head, write current, data stream 
and clock input are restored without requiring com- 
plete resynchronisation. All overhead information is 
contained in a combined servo region and ID region 
of the maxi section. Data is written in both portions of 
a data field to either side of each micro servo section 
using a phase continuous clock. A head data VCO is 
coasted through each micro servo section without 
change in frequency, and at the end of said section 
an abbreviated VCO synchronisation field is generat- 
ed for resynchronising the VCO with the data. 

No timing reference address mark or encoder/de- 
coder flush or synchronisation byte is required to re- 
sume writing the portion of the data field following the 
micro servo section. Each micro servo section con- 
sists solely of bits containing position information and 
bits to each side thereof for controlling the interrup- 
tion and restoration of the write current and of the data 
stream and clock input to the encoder/decoder. 


Summary of the Invention 


Amethod and means has been described for writ- 
ing data on a recording medium, such as a disk or 
tape, containing servo samples in such manner that 
the number of servo samples is increased with a mini- 
mal increase in overhead (non-data) regions. The 
tracks on the medium are divided into a plurality of 
"maxi" sections, each of which in conventional FBA 
contains all servo and identification (ID) fields with 
overhead information and also a data field. At least 
one "micro" servo section containing only a portion of 
the overhead information is located within each data 
field. 

As each micro servo section passes by an asso- 
ciated recording head, writing and reading of data is 
temporarily interrupted, but it is resumed, when the 
micro servo section cloves beyond the head, in such 
manner as to require minimal resynchronisation of 
said data during reading. 

Using a phase continuous clock, data is written in 
both portions of a data field to either side of each mi- 
cro servo section in one pass of the disk or tape rel- 
ative to the head. The micro servo sections contain no 
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timing reference address mark and require no data 
encoder/decoder (ENDEC) flush or synchronisation 
byte to resume reading in the portion of the data field 
following each micro servo section. 

As implemented in a disk drive, the maxi sections 
and the micro servo sections are sectors consisting 
of a plurality of concentric tracks; whereas for a tape 
drive, the sections consist of a plurality of parallel 
longitudinally extending tracks. In both cases, how- 
ever, on each given track ail maxi sectors or sections 
are of equal length. 


Claims 


1. Amethod of recording data transitions through a 
recording head (55) along tracks on a recording 
medium, each track incorporating data record 
portions (12), in which the data transitions are re- 
corded, interspersed by servo portions 
(10,11;40,41) in which servo information is prere- 
corded, and using the servo information to con- 
trol the position of the recording head (55) and to 
synchronise the data transitions characterised in 
that at least one shortened servo portion (30) is 
provided in each data record portion (12), the 
shortened servo portion (30) having prerecorded 
servo information which is used to control the 
position of the recording head (55) in the data re- 
cord portion (12) and the data transitions being 
recorded phase continuously throughout each 
data record portion (12) so that the phase of the 
data transitions at the start of a shortened servo 
portion (30) is the same as the phase at the end 
of a shortened servo portion (30). 


2. A method according to claim 1 wherein each 
shortened servo portion (30) includes only posi- 
tion information bits (44) and bits (42,43,45-47) 
to each side thereof for controlling the interrup- 
tion and resumption of the writing and reading of 
data. 


3. A method according to claim 1 or 2 wherein the 
recording medium has a fixed block architecture 
format. 


4. Amethod according to claim 1, 2 or 3 wherein the 
record medium is a disk. 


5. Amethod according to claim 1, 2 or 3 wherein the 
record medium is a tape. 


6. Adata processing apparatus for reproducing data 
transitions which have been recorded by the 
method of any one of claims 1 to 3 wherein the 
apparatus comprises a recording and reproduc- 
ing head (55), a data controller (51), a decoding 
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device (52b), timing and control means (56) to 
count through each data portion to the beginning 
of each shortened servo portion of a track, a data 
detector (59), clocking means (60) synchronised 
by the data transitions read from the recording 
medium by the data detector (59) and arranged to 
transfer data through the decoding device (52b), 
and switching means (61, 62) to switch off the in- 
put to and output from the clocking means (60) 
during the passage of a shortened servo portion 
(30). 


Apparatus according to claim 6 which is a disk file 
apparatus incorporating means to rotate a disk 
relative to the recording and reproducing head 
(55). 


Apparatus according to claim 6 which is a tape 
apparatus incorporating means to move a tape 
relative to the recording and reproducing head 
(55). 


Patentanspriiche 


1. 


Ein Verfahren zur Aufzeichnung von Datentber- 
gangen Uber einen Aufzeichnungskopf (55) ent- 
lang von Spuren auf einem Speichermedium, wo- 
bei jede Spur Datenaufzeichnungsteile (12) um- 
fa&t, in denen die Datentibergange aufgezeich- 
net werden, und wobei jede Spur mit Servoteilen 
(10, 11; 40, 41) vermischt ist, in denen Servoin- 
formationen vorgespeichert sind, und wobei die 
Servoinformation dazu verwendet wird, die Posi- 
tion des Aufzeichnungskopfes (55) zu steuern 
und die Dateniibergange zu synchronisieren, da- 
durch charakterisiert, da& in jedem Datenauf- 
zeichnungsteil (12) mindestens ein gekirzter 
Servoteil (30) bereitgestellt wird, wobei der ge- 
kurzte Servoteil (30) vorgespeicherte Servoin- 
formationen enthalt, die zur Steuerung der Posi- 
tion des Aufzeichnungskopfes (55) im Datenauf- 
zeichnungsteil (12) verwendet werden, und wo- 
bei die Datentibergange phasenkontinuierlich 
durch jeden Datenaufzeichnungsteil (12) hin- 
durch aufgezeichnet werden, so daf& die Phase 
der Dateniibergange am Beginn eines gekirzten 
Servoteils (30) dieselbe ist wie die Phase am En- 
de eines gekiirrzten Servoteils (30). 


Ein Verfahren gemaf& Anspruch 1, bei dem je- 
der gekiirzte Servoteil (30) nur Positionsin- 

formationsbits (44) und Bits (42, 43, 45-47) auf 
jeder Seite davon besitzt, um die Unterbre- 
chnung und die Wiederaufnahme des Schreibens 
und des Lesens von Daten zu steuern. 


3. Ein Verfahren gema Anspruch 1 oder 2, beidem 
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das Aufzeichnungsmedium ein Festblockarchi- 
tekturformat aufweist. 


Ein Verfahren gemaR Anspruch 1, 2 oder 3, bei 
dem das Aufzeichnungsmedium eine Platte ist. 


Ein Verfahren gemaR Anspruch 1, 2 oder 3, bei 
dem das Aufzeichnungsmedium ein Band ist. 


Ein Datenverarbeitungsgerat zur Reproduktion 
von Dateniibergangen, die unter Anwendung des 
Verfahrens eines der Anspriche 1 bis 3 aufge- 
zeichnet wurden, wobei das Gerat einen Auf- 
zeichnungskopf und einen Reproduktionskopf 
(55), einen Daten-Controller (51), eine Dekodie- 
rungseinrichtung (52b), ein Timing- und Steuer- 
mittel (56) zur Zahlung jedes Datenteils am An- 
fang jedes gekirzten Servoteils einer Spur, ei- 
nen Datendetektor (59), ein Taktmittel (60), das 
durch die Datentibergange synchronisiert wird, 
die durch den Datendetektor (59) vom Aufzeich- 
nungsmedium gelesen werden und so ausgelegt 
sind, da& Daten durch die Dekodierungseinrich- 
tung (52b) hindurch dbertragen werden, und ein 
Schaltmittel (61, 62) zum Ausschalten der Einga- 
be zum und der Ausgabe vom Taktmittel (60) 
wahrend des Durchlaufens eines gektirzten Ser- 
voteils (30) umfaRt. 


Eine Vorrichtung gemaf&S Anspruch 6, bei der es 
sich um ein Plattenlaufwerk handelt, das ein Mit- 
tel zur Rotation einer Platte in bezug auf den 
Aufzeichnungs- und Reproduktionskopf (55) um- 
faRt. 


Eine Vorrichtung gemaR Anspruch 6, bei der es 
sich um ein Bandlaufwerk handelt, das ein Mittel 
umfaRt, mit dem ein Band in bezug auf den 
Aufzeichnungs- und Reproduktionskopf (55) be- 
wegt wird. 


Revendications 


Procédé pour enregistrer des transitions de don- 
nées a l’aide d’une téte d’enregistrement (55) le 
long de pistes d’un support d’enregistrement, 
chaque piste comportant des parties d’enregis- 
trement de données (12), dans lequel les transi- 
tions de données sont enregistrées, intercalées 
avec des parties de réglage (10, 11 ; 40, 41) dans 
lesquelles de l’information de réglage est pré-en- 
registrée, utilisant l’information de réglage pour 
commander la position de la téte d’enregistre- 
ment (55) et pour synchroniser les transitions de 
données, caractérisé en ce que au moins une 
partie de réglage raccourcie (30) est fournie dans 
chaque partie d’enregistrement de données (12), 


13 EP 0 439 278 B1 


la partie de réglage raccourcie (30) présentant 
des informations de réglage pré-enregistrées qui 
sont utilisées pour commander la position de la 
téte d’enregistrement (55) dans la partie d’enre- 
gistrement de données (12) et les transitions de 
données étant enregistrées en continuité de pha- 
se sur chaque partie d’enregistrement de don- 
nées (12) de sorte que la phase des transitions 
de données au début d’une partie de réglage rac- 
courcie (30) est la méme que la phase a la fin 
d’une partie de réglage raccourcie (30). 


Procédé selon la revendication 1, dans lequel 
chaque partie de réglage raccourcie (30) 
comporte uniquement des bits d’information de 
position (44) et des bits (42, 43, 45-47) sur cha- 
cun de ses cétés pour commander l’interruption 
et le redémarrage de |’écriture et de la lecture de 
données. 


Procédé selon la revendication 1 ou 2, dans le- 
quel le support d’enregistrement présente un for- 
mat d’architecture a bloc fixe. 


Procédé selon la revendication 1, 2 ou 3, dans le- 
quel le support d’enregistrement est un disque. 


Procédé selon la revendication 1, 2 ou 3, dans le- 
quel le support d’enregistrement est une bande. 


Dispositif de traitement de données pour repro- 
duire des transitions de données qui ont été en- 
registrées par le procédé selon l’une quelconque 
des revendications 1 4 3, dans lequel le dispositif 
comporte une téte d’enregistrement et de repro- 
duction (55), un contréleur de données (51), un 
dispositif de décodage (52b), des moyens de ca- 
dencement et de commande (56) pour compter a 
travers chaque partie de données jusqu’au début 
de chaque partie de réglage raccourcie d’une pis- 
te, un détecteur de données (59), des moyens 
d’horloge (60) synchronisés par les transitions de 
données lues a partir du support d’enregistre- 
ment par le détecteur de données (59) et arran- 
gés pour transférer des données a travers le dis- 
positif de décodage (52b), et des moyens de 
commutation (61, 62) pour couper |’entrée vers et 
la sortie des moyens d’horloge (60) pendant le 
passage d’une partie de réglage raccourcie (30). 


Dispositif selon la revendication 6, constitué d’un 
dispositif 4 disque incorporant des moyens pour 
entrainer un disque par rapport a la téte d’enre- 
gistrement et de lecture (55). 


Dispositif selon la revendication 6, constitué d’un 
dispositif 4 bande incorporant des moyens pour 
déplacer une bande par rapport a la téte d’enre- 
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gistrement et de reproduction (55). 


FORMAT OF CONVENTIONAL SECTOR 9 FOR SECTORED SERVO 
(10 yw gy 
SERVO REGION ID REGION DATA REGION 


<R R-W ID R-W 
VCO |ENDEC |SYNC VCO | ENDEC | SYNC 
AND AND | AND DATA AND ECC 
ou is, aa ese |B ie |e as Ea 
5 16 "7 18 19 20 2l 22 ‘23 24 25 26 27 


Frsol 
(PRIOR ART) 
2% GPES Pegg 7 y? 
SECTOR DATA DATA, ECC SECTOR 
N-I SECTOR N SECTOR N N+I 


OVERHEAD OVERHEAD 


CLOCK uinvunnnninnnnrunnnnnnn 
WRITE CURRENT as _—_rn” 


a 
4 


© ad a Pe ao 


bd 822 6er 0 da 
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ee MAXI( CONVENTIONAL) SERVO SECTOR 9 as 
| SERVOREGION | SERVOREGION ID OR DATA REGION 


WRITE-READ| | |POSITIONJREAD-WRITE| co | ENDEC | SYNC 
SPEED ERROR Teepe. || SYNC: | FLUSH | BYTE 
KOK 
c hWRITE| Position Toa 
pee SIGNAL (8 SPEED SYNC 


SOY 
SERVO REGION DATA Secon 


40/ MICRO SERVO SECTOR 30 4 Preo.9 


KS 
S05 

So 
RN 
s 

ot 
& 


ees 
LEO sees 


ees 
;. 
2 
% 
are 
eo 


TO COMPUTER 


52 
x 

PrBaa 51) 
WRITE 
2, su 


DISK DATA 
DECODE a 


READ {CONTROLLER 
DATA 


TOYLNOS 3LIMM/OV3Y 


’ TIMING & CONTROL 


CODE CONSTRAINT 

& MICRO SECTOR 
DATA CLOCK 56 VCO FIELDS 
we* WRITE DATA 
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